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(54) Mobile telephone system and site diversity reception method 



(57) A method of and an apparatus for reducing the 
transmission error rate in the site diversity reception 
among related base stations system are disclosed. A 
base station controller compares data received from a 
plurality of related base stations to eliminate errors in 
frame unit base, predetermined size unit base which is 
Fig. 5 



divided from a frame, or bit unit base, and composes 
those units based on the decision by majority but adopts 
the data having highest reception potential when the 
comparison by the way described above is unavailable, 
in order to transfer no error data. 
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Description 

[0001 ] The present invention relates to a mobile tel- 
ephone system, and more particularly to a mobile tele- 
phone system which adopts the site diversity reception 
wherein a signal from a mobile station is received by a 
plurality of base stations to choose the most available 
base station. 

[0002] Mobile telephone systems such as portable 
telephone systems have been popularized widely. In a 
mobile communication system of the cellular system, for 
example, each of a plurality of base stations has an area 
called cell covered by it, and the cells are disposed with- 
out any gap among them to allow a mobile station to 
communicate over a wide area. 
[0003] In the cellular mobile telephone system, 
when a mobile station moves into a new cell, the com- 
munication is switched over from the present base sta- 
tion to the base station which covers the new cite 
without being suffered from interruption of the communi- 
cation. The switch over of communication is called as 
"hand over". 

[0004] Where a plurality of cells form an area in 
which they overlap each other on the boundary between 
or among them, if a mobile station roams into the over- 
lapping area, it can communicate with all of the base 
stations which cover the overlapping area, or in other 
words, can communicate with a plurality of base sta- 
tions simultaneously. 

[0005] This fact is utilized in a conventional mobile 
telephone system (for example, a spread spectrum sys- 
tem) so that, when a mobile station is roaming around 
the boundary of two base stations, the mobile station 
communicates with the two base stations simultane- 
ously. The method just described is adopted by the 
diversity hand over which is disclosed, for example, in 
"From the Beginning to Applications of the CDMA (Code 
Division Multiple Access) Technique" by Takuro Satoh, 
published by Linearize Company. 
[0006] The diversity hand over described in the 
"CDMA Technique" is one of the communication system 
described above, a reception of an upward link signal 
from a mobile station to base station is utilized a site 
diversity reception among a plurality of related base sta- 
tions. 

[0007] The conventional site diversity reception 
among related base stations selection is described 
below. 

[0008] FIG. 1 is a schematic block diagram of a 
usual mobile telephone system. 
[0009] Referring to FIG. 1. base station 1 covers 
cell 2. and base station 3 covers cell 4. Base station 1 
and base station 3 communicate through base station 
controller 6. Connector 7 to different networks is, for 
instance, a mobile communication switch or a gateway 
switch for connecting to a public telephone network. 
[0010] The conventional mobile telephone system 
has the space diversity configuration. In particular. 



when cell 2 and cell 4 have an overlapping area among 
them and mobile station 5 is roaming within the overlap- 
ping area as seen in FIG. 1, mobile station 5 communi- 
cates with both of base stations 1 and 3 simultaneously. 

5 The signals received by the two base stations from 
mobile station 5 are combined by a host station, i.e., 
base station controller 6, and then transmitted to the 
other party of communication. 
[0011] FIG. 2 is a block diagram showing a struc- 

10 ture of a conventional base station and base station 
controller. 

[0012] Base station 1 includes receiver lb for 
receiving a radio signal from mobile station 5 through 
reception antenna 1a, analog to digital converter 1c for 

is converting the analog signal from receiver 1b into a dig- 
ital signal, counter spreader 1d for counter spreading 
the signal from analog to digital converter 1c, decoder 
1e for decoding the signal from counter spreader 1d, 
error detector 1f for detecting whether the signal from 

20 decoder 1e contains some error or not, and reception 
level measurement unit 1g for measuring the reception 
level of the signal from counter spreader id. The signal 
from mobile station 5 after the error detection by error 
detector 1f is transmitted to base station controller 6. 

25 Also the information of a result of the detection by error 
detector 1f representing whether some error is included 
or not is transmitted to base station controller 6. Further, 
also the reception level measured by reception level 
measurement unit 1g is transmitted to base station con- 

30 troller 6. 

[0013] Also base station 3 similarly includes 
receiver 3b, analog to digital converter 3c, counter 
spreader 3d, decoder 3e, error detector 3f, and recep- 
tion level measurement unit 3g. Base station 3 transmits 

35 a signal from mobile station 5 after error detection by 
error detector 3f to base station controller 6, transmits 
information of a result of detection by error detector 3f 
whether some error is found or not to base station con- 
troller 6, and further transmits a reception level meas- 

40 ured by reception level measurement unit 3g to base 
station controller 6. 

[0014] Base station controller 6 includes selective 
composition controller 6m, data buffer 6b for storing a 
signal from base station 1 , and data buffer 6c for storing - 
45 a signal from base station 3. 

[001 5] FIG. 3 is a block diagram showing an internal 
structure of selective composition controller 6m shown 
in FIG. 2. 

[0016] A signal from mobile station 5 transmitted 
so through base station 1 is inputted to and stored into data 
buffer 6b. A signal from mobile station 5 transmitted 
through base station 3 is inputted to and stored into data 

* buffer 6c. 

- [001 7] Selective composition controller 6m includes 
55 no error data selector 6f. and highest reception level 
data selector 6k. 

[0018] No error data selector 6f refers to informa- 
tion of presence/absence of an error received from base 
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stations 1 and 3 and controls data buffers 6b and 6c to 
select that one of the data stored in data buffers 6b and 
6c (signals from mobile station 5 received through base 
stations 1 and 3) which includes no error. 
[0019] If both information of presence/absence of 
error received from base stations 1 and 3 indicates 
absence of error, then either information may be 
selected. On the other hand, if both information of pres- 
ence/absence of error received from base stations 1 
and 3 indicates presence of error, no error data selector 
6f informs highest reception level data selector 6k of the 
presence of error. 

[0020] If both information of presence/absence of 
error received from base stations 1 and 3 indicates 
presence of error, then highest reception level data 
selector 6k refers to reception levels received from base 
stations 1 and 3, and controls data buffers 6b and 6c to 
be selected either one having higher reception level 
data. 

[0021 ] In this manner, that one of the data stored in 
data buffers 6b and 6c which is selected by selective 
composition controller 6m is transmitted to connector 7 
to a different network. 

[0022] As described above, in the conventional 
mobile telephone system, a signal from a mobile station 
to a base station (upward link signal) is received by a 
plurality of base stations, and each of the base stations 
performs error detection detecting an error detection 
signal included periodically (for example, at intervals of 
10 ms) in the received signal and measurement of the 
reception level. Then, each of the base stations sends 
results of the error detection and the measurement of 
the reception level to a base station controller which is 
connected to the base stations and acts as a controlling 
apparatus to them. The base station controller selects 
one of the signals sent thereto from the base stations 
which is free from an error, but if all of the received sig- 
nals contain an error, then the base station controller 
selects that one of the received signals which has the 
highest reception level, thereby to assure augmented 
reception quality. 

[0023] In a mobile telephone system, a signal is 
divided into units called frames before it is transmitted 
from a mobile station to a base station. Error detection 
code mentioned above is provided for each frame 
formed with a time width of, for example, 10 ms, so that 
a transmission error can be detected in units of a frame. 
[0024] FIG. 4 is a diagrammatic view showing an 
example of a structure of a frame used in a mobile tele- 
phone system. 

[0025] As seen in FIG. 4, the frame shown is 
formed with a time width of 10 ms and includes user 
information bits which are real information transmitted 
by a mobile station and CRC (Cyclic Redundancy 
Check) check bits which form error detection codes. 
[0026] However, in a conventional selection diver- 
sity system, if all of signals transmitted from a base sta- 
tion contain an error, then a base station controller 



selects one of the signals which has the highest recep- 
tion level. Therefore, a signal transmitted to a connector 
to a different network in this instance contains an error 
without exception. 

s [0027] Where a signal in the form of a voice signal 
is transmitted, conversation is possible even if the signal 
includes some error. However, advancement of multi- 
media technology in recent years has increased trans- 
mission of data of images and the like information. 

w Where the signal to be transmitted is data of images or 
the like, even a small amount of data error disables the 
value of data. Therefore, a mobile telephone system 
which allows further reduction of the error rate than ever 
is demanded. 

is [0028] It is an object of the present invention to pro- 
vide a mobile telephone system of the selective diversity 
type which can transmit data with a reduced error rate. 
[0029] In order to attain the object described above, 
according, to an aspect of the present invention, there is 

20 provided a communication system, wherein communi- 
cation information from a transmitter is received by a 
plurality of receivers, and if ail of the communication 
information received by the receivers contain a commu- 
nication error, then communication information free 

25 from a communication error is produced based on the 
communication information received by one of the 
receivers and the communication information received 
by the other one or ones of the receivers. 
[0030] According to another aspect of the present ' 

30 invention, there is provided a mobile telephone system 
which employs the among base stations selective diver- 
sity wherein a signal from a mobile station is received by 
a plurality of base stations and the base stations trans- 
mit the respective received signals to a base station 

35 controller, wherein the base station controller produces 
a signal tree from a communication error based on the 
signal from a predetermined one of the base stations 
and the signal or signals from the other one or ones of 
the base stations. 

40 [0031] The mobile telephone system according to 
claim 2 of the present invention is characterized in that 
each of the signals received through the base stations 
by the base station controller includes a frame com- 
posed of user information bits which are real information 

45 transmitted from the mobile station and CRC check bits 
which form error detection codes, and the base station 
controller divides each of frames from the base stations 
into units of a predetermined size and rearranges the 
units into several combinations to obtain a signal free 

so from a communication error. 

[0032] The mobile telephone system according to 
claim 2 of the present invention is characterized in that 
the base station controller compares the signals 
received through the base stations with each other in 

55 units of a bit and changes the value of a bit with regard 
to which the result of the comparison does not exhibit 
coincidence to produce a signal free from a communica- 
tion error. 
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[0033] According to a further aspect of the present 
invention, there is provided a mobile telephone system 
which employs the among base stations selective diver- 
sity wherein a signal from a mobile station is received by 
a plurality of base stations and the base stations trans- 
mit the respective received signals to a base station 
controller, wherein the signal received from the mobile 
station by the base stations is a signal of Reed- Solomon 
codes, and the base station controller compares the sig- 
nals received through the base stations with each other 
in units of a bit, estimates that a symbol which contains 
a bit with regard to which the result of the comparison 
does not exhibit coincidence is an erroneous symbol, 
and uses the result of the estimation as error symbol 
position information in Reed-Solomon decoding to aug- 
ment the error correction capability by the Reed-Solo- 
mon decoding. 

[0034] The mobile telephone system according to 
claim 3 of the present invention is characterized in that 
the signal received from the mobile station by the base 
stations is a signal of convolutional codes and the base 
station obtains reliability information which represents a 
magnitude of reception energy for each of units divided 
from the frame when each of the base stations Vrterbi 
decodes the signal, and when the base station control- 
ler changes a combination of the units, the base station 
controller selects that one of the units with regard to 
which the reliability information exhibits the highest reli- 
ability as a rearrangement candidate thereby to 
decrease the processing time required to find out a no 
error frame. 

[0035] The first characteristic of the present inven- 
tion resides in that, as described in connection with the 
first embodiment, when all of the signals received by the 
receivers in the among base stations selective diversity 
contain a communication error, the opportunity to obtain 
a no error signal can be increased by dividing the signal 
received by each of the base stations into a plurality of 
units and performing reconstruction and error re-detec- 
tion for all possible combinations of the divided units of 
the received signals. 

[0036] The second characteristic of the present 
invention resides in that as described in connection 
with the second embodiment, when all of the signals 
received by the receivers in the among base stations 
selective diversity contain a communication error, the 
opportunity to obtain a no error signal can be increased 
by performing comparison of the signals received by the 
base stations with each other in units of a bit and per- 
forming reconstruction and error re-detection for all pos- 
sible combinations of information bits at positions of the 
signals at which the signals are different from each 
other. - 

[0037] The third characteristic of the present inven- 
tion resides in that, as described in connection with the 
third embodiment, when all of the signals received by 
the receivers in the among base stations selective diver- 
sity contain a communication error, the error correction 



capability by Reed-Solomon decoding can be aug- 
mented by comparing the signals received through the 
base stations with each other to detect a position at 
which the signals are different from each other and 
5 using the position as error symbol position information 
in Reed-Solomon (RS) decoding used for data commu- 
nication. 

[0038] The fourth characteristic of the present 
invention resides in that, although a frame reconstruc- 

10 tion function and an error detection function are addi- 
tionally provided as new functions to the base station 
controller, a conventional communication protocol can 
be used as the communication protocol between the 
base stations and the base station controller. 

is [0039] The fifth characteristic of the present inven- 
tion resides in that, as described in connection with the 
fourth embodiment when all of the signals received by 
the receivers in the among base stations selective diver- 
sity contain a communication error, by dividing each of 

20 the signals received by the base stations into a plurality 
of units, determining reliability information for each of 
the signal units and reconstructing a frame with the 
divided signal units selectively used in a descending 
order of the reliability, a combination of no error signal 

25 units can be find out rapidly. 

FIG. 1 is a schematic diagrammatic view of a 
mobile telephone system; 

FIG. 2 is a block diagram showing a structure of a 
30 conventional base station and base station control- 
ler; 

FIG. 3 is a block diagram showing an internal struc- 
ture of a selective composition controller shown in 
FIG. 2; 

35 FIG. 4 is a diagrammatic view showing an example 
of a structure of a frame used in a mobile telephone 
system; 

FIG. 5 is a block diagram showing a structure of a 
base station and a base station controller in a first 
40 embodiment of a mobile telephone system accord- 
ing to the present invention; 
FIG. 6 is a block diagram showing an internal struc- 
ture of a selection combination controller shown in 
Fia5; 

45 FIG. 7 is a f tow chart illustrating operation of the first 
embodiment of the present invention; 
^ FIG. 8 is a diagrammatic view illustrating a dividing 
manner of a frame in the first embodiment; 
FIG 9 is a diagrammatic view showing an example 

so of reconstruction of a frame in the first embodiment; 
FIGS. 10(a) to 10(d) are diagrammatic views show- 
ing an example of combinations of units upon 
decomposition and reconstruction of a frame; 
FIG. 11 indicates the frame error rate and the 

55 number of combinations which require processing 
when the number of base stations (base stations 
related for a diversity reception) with regard to 
which selective composition is performed and the 
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frame dividing number are varied; 
FIG. 12 is a flow chad illustrating operation of a sec- 
ond embodiment of the present invention; 
FIGS. 13(a) to 13(f) are diagrammatic views illus- 
trating significance of comparison which is per- 
formed in units of a bit of a frame by a frame 
reconstruction unit shown in FIG. 5 in the second 
embodiment of the present invention; 
FIGS. 14(a) to 14(f) are diagrammatic views illus- 
trating the number of combinations in frame recon- 
struction performed by the frame reconstruction 
unit shown in FIG. 5 in the second embodiment of 
the present invention; 

FIGS. 15(a) to 15(g) are diagrammatic views illus- 
trating the number of combinations in frame recon- 
struction performed by the frame reconstruction 
unit shown in FIG. 5 in the second embodiment of 
the present invention; 

FIGS. 16(a) to 16(f) are diagrammatic views illus- 
trating determination of which one of combinations 
in frame reconstruction performed by the frame 
reconstruction unit shown in FIG; 5 is a promising 
candidate in the second embodiment of the present 
invention; 

FIG. 17 is a block diagram showing a structure of a 
base station controller of a third embodiment of a 
mobile telephone system according to the present 
invention; and 

FIG. 1 8 is a flow chart illustrating operation of the 
third embodiment of the present invention. 

[0040] In the following, embodiments of the present 
invention is described with reference to the drawings. 
[0041] As described above, a base station control- 
ler in a conventional mobile telephone system which 
receives a signal originated from a certain mobile sta- 
tion through a plurality of base stations selects and 
adopts one of the signals which has the highest recep- 
tion level if all of the signals received from the base sta- 
tions contain some error. Therefore, the signals from 
those of the base stations which are not selected are 
not utilized but abandoned in vain. With attention paid to 
this fact the present invention contemplates reduction 
of the error rate of a transmission signal by utilizing the 
signals from the base stations which are not selected. 
[0042] In the embodiments described hereinafter, 
the mobile telephone system has a general construction 
similar to that described above with reference to FIG. 1 , 
and therefore, it will be described with reference to FIG. 
1 . Further, the embodiments described hereinafter are 
applied to a CDMA mobile telephone system. Also tt is 
assumed that a signal transmitted from a mobile station 
to a base station is transmitted in units of a frame having 
the structure shown in FIG. 4. . 
[0043] FIG. 5 is a block diagram showing a struc- 
ture of a base station and a base station controller in a 
first embodiment of a mobile telephone system accord- 
ing to the present invention. 



[0044] In the present embodiment, mobile station 5 
shown in FIG. 1 communicates simultaneously with two 
base stations including base station 1 1 and base station 
13 shown in FIG. 5, and base station controller 16 
5 shown in FIG. 5 connected to connector 7 to a different 
network serves as a base station controller of base sta- 
tions 11 and 13. 

[0045] Base station 11 includes receiver 11b for 
receiving a radio signal from mobile station 5 through 

10 reception antenna 11a, analog to digital converter 11c 
for converting the analog signal from receiver 11b into a 
digital signal, counter spreader 11 d for counter spread- 
ing the signal from analog to digital converter 11c, 
decoder 11e for decoding the signal from counter 

is spreader 11d, enor detector 1 1f for detecting whether 
the signal from decoder 1 1 e contains some error or not, 
and reception level measurement unit 11g for measur- 
ing the reception level of the signal from counter 
spreader 11 d. The signal from mobile station 5 after the 

20 error detection by error detector 1 1f is transmitted to 
base station controller 16. At this time, also the informa- 
tion of presence/absence of error as a result of the 
detection by error detector 1 if is transmitted to base 
station controller 16. Further, also the reception level 

25 measured by reception level measurement unit 11 g is 
transmitted to base station controller 1 6. 
[0046] Also base station 13 similarly includes 
receiver 13b. analog to digital converter 13c, counter 
spreader 13d, decoder 13e, error detector 13f and 

30 reception level measurement unit 1 3g. Base station 1 3 
transmits a signal from mobile station 5 after error 
detection by error detector 13f to base station controller 
16, and transmits information of presence/absence of 
error as a result of detection by error detector 13f to 

35 base station controller 16. Base station 13 further trans- 
mits a reception level measured by reception level 
measurement unit 13g to base station controller 16. 
[0047] Base station controller 1 6 includes selective 
composition controller 16a. data buffer 16b for storing a 

40 signal from base station 1 1 , data buffer 1 6c for storing a 
signal from base station 1 3, frame reconstruction unit 
16d, and error detector 16e. 

[0048] FIG. 6 is a block diagram showing an internal 
structure of selective composition controller 1 6a shown 
45 in FIG. 5. 

[0049] A signal from mobile station 5 transmitted 
through base station 1 1 is inputted to and stored into 
data buffer 16b, and the signal from mobile station 5 
transmitted through base station 13 is inputted to and 
so stored into data buffer 1 6c. 

[0050] Selective composition controller 16a 
includes no error data selector 16f, frame reconstruction 
controller 16g, and highest reception level data selector 
16h. 

55 [0051] The present embodiment is described in 
more detail below with reference to FIGS. 5 and 6. 
[0052] A signal transmitted from mobile station 5 is 
received by a plurality of base stations. For example, the 
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signal is received by base stations 1 1 and 13 shown in 
FIG. 5. 

[0053] In base stations 1 1 and 1 3, receiver 1 1 b and 
13b perform high frequency demodulation of the signals 
received by reception antenna 1 1a and 13a. and coun- 
ter spreaders lid and 13d counter spread the output 
signals of the high frequency demodulation which sig- 
nals have been spread using pseudo noise code (PN) at 
the mobile station 5. so that the counter spread signal 
are sent to decoder 1 1 e and 1 3e, and to reception level 
measurement unit 1 1g and 13g 
consecutively. 

[0054] Decoders 1 1 e and 1 3e decode the signals 
from counter spreaders 1 1d and 13d into user informa- 
tion signals, and error detectors 1 1f and 13f perform 
error detection with CRC (Cyclic Redundancy Check) 
bits of the user information signals, respectively. Recep- 
tion level measurement units 1 1g and 13g measure the 
levels of the received signals. 

[0055] Base stations 11 and 13 transmit the user 
information bits and the CRC check bits shown in FIG. 
4, the error presence/absence information of results of 
the detection by error detectors 1 1f and 13f, and the 
reception level information of results of the measure- 
ment by reception level measurement units 11 g and 
13g, respectively, to base station controller 16. 
[0056] As seen in FIG. 6, the user information bits 
and the CRC check bits from error detectors 1 1f and 13f 
are inputted to data buffers 16b and 16c, respectively. 
The error presence/absence information from error 
detectors 1 1f and 13f is inputted to no error data selec- 
tor 16f of selective composition controller 16a. The 
reception level information from reception level meas- 
urement units 1 1g and 13g is inputted to highest recep- 
tion level data selector 16h of selective composition 
controller 1 6a. 

[0057] Selective composition controller 16a con- 
trols data buffers 1 6b and 1 6c which store the user infor- 
mation bits and the CRC bits, frame reconstruction unit 
16d which divides and reconstructs a frame formed 
from the user information bits and the CRC check bits, 
and error detector 1 6e which performs error correction 
of the reconstructed frame with the CRC check bits. The 
user information is sent from data buffers 16b and 16c 
to connector 7 to a different network directly or through 
frame reconstruction unit 16d and error detector 16e. 
[0058] Operation of the present embodiment is 
described hereinafter. 

[0059] FIG. 7 is a flow chart illustrating operation of 
the first embodiment of the present invention. 
[0060] A signal (upward link signal) from mobile sta- 
tion 5 to a base station is received by a plurality of base 
stations (in the present embodiment, base stations 11 
and 13). Each base station performs error detection 
with an error detection signal (CRC check bits) con- 
tained in each radio frame (for example, of 10 ms) of a 
decoded signal illustrated in FIG. 4 and reception level 
measurement for each period of transmission power. 



and sends a result of the error detection and the meas- 
ured reception level to a base station controller (in the 
present embodiment, base station controller 16) con- 
nected as a host apparatus to the base station. 
5 [0061] Information to be sent from each base sta- 
tion to the base station controller in the present embod- 
iment includes: 

1 . user information (user information bits); 
10 2. error detection information of the user informa- 
tion (CRC check bits); 

3. error presence/absence information of the user 
information (CRC check: OK/NG(no good)); and 

4. reception level information of a frame (Eb/10: ratio 
is between user information bit energy and average 

interference energy per band). 

[0062] No error data selector. 16f of base station 
controller 16 decides whether the frames received from 

20 the base stations contain a no error frame (step F1 ). If a 
no error frame is detected, then no error data selector 
16f instructs that one of data buffers 16b and 16c, in 
which the no error frame is stored, to output the frame, 
thereby to transmit the no error frame to connector 7 to 

25 a different network (step F2). 

[0063] On the other hand, if it is decided in step F1 
that all of the frames from the base stations contain 
some error, then no error data selector 16f informs 
frame reconstruction controller 16g of the decision, and 

30 frame reconstruction unit 1 6d performs decomposition 
and reconstruction of the frames stored in data buffers 
16b and 16c under the control of frame reconstruction 
controller 16g (step F3). The reconstruction is 
described hereinafter. 

35 [0064] FIG. 8 is a diagrammatic view illustrating 
division of a frame in the first embodiment 
[0065] As FIG. 8 shows, in the present embodi- 
ment, each frame (composed of user information bits 
and CRC check bits) is divided into a predetermined 

40 number of (2 in FIG. 8) parts (a part obtained by such 
division is hereinafter referred to as "unit"), and units 
obtained by dividing one or more frames from one or 
more other base stations are selectively combined to 
build up a no error frame FIG. 8 specifically illustrates 

45 division of a frame into two units, and the former divi- 
sional unit is called first unit 17 while the tatter divisional 
unit is called second unit 18. 

[0066] FIG. 9 is a diagrammatic view illustrating an 
example of a steps of a way how to reconstruct a frame 

so in the first embodiment. 

[0067] In the reconstruction way illustrated in FIG. 
9, the frame from base station 11 includes first unit 17a 
and second unit 18a, and the frame from base station 
13 includes first unit 17b and second unit 18b. The 

55 frame from base station 1 1 has an error only in first unit 
1 7a thereof while the frame from base station 13 has an 
error only in second unit 18b. In this instance, a no error 
frame can be produced by selecting and combining sec- 
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ond unit 1 8a of the frame from base station 1 1 and first 
unit 1 7b of the frame from base station 1 3. 
[0068] In actual processing, it is not Known in which 
unit a frame has an error. Therefore, each time units are 
combined, error detection with CRC check bits is per- 
formed to determine whether the combination is no 
error or not, and the processing must be repeated until 
a no error combination is found out. in the following, the 
processing will be described with reference to FIG. 7. 
[0069] When a certain combination is produced 
(step F3), error detection is performed for the combina- 
tion (step F4). The error correction is the same process- 
ing as that performed by error detectors 1 1f and 13f 
shown in FIG. 5 and uses CRC check bits. 
[0070] A result of the error detection in step F4 is 
transmitted to frame reconstruction controller 16g. 
Frame reconstruction controller 1 6g decides whether a 
frame provided by the combination of units has no error 
(step F5). If the frame is no error frame, then frame 
reconstruction controller 16g instructs error detector 
16e to transmit the combined frame to connector 7 to 
transfer to a different network (step F6). 
[0071 ] If the result of the error detection in step F4 
proves that the combined units has some error (step 
F5), then frame reconstruction controller I6g decides 
whether reconstruction and error detection have been 
performed for all possible combinations or not (step FT). 
[0072] If it is decided in step F7 that there remains 
a combination for which reconstruction and error detec- 
tion have not been performed yet then the control 
returns to step F3 so that reconstruction and error 
detection may be performed for the remained new com- 
bination. 

[0073] tf the decision in step F7 reveals that recon- 
struction and error detection have been performed for 
all possible combinations, frame reconstruction control- 
ler 16g transmits this information to highest reception 
level data selector 1 6h. Receiving the information, high- 
est reception level data selector 16h refers to the recep- 
tion level information from reception level measurement 
units 1 1g and 13g of base stations 11 and 13 and 
instructs data buffers 16b and 16c to transmit that one 
of the frames stored in data buffers 16b and 16c which 
has a higher reception level to connector 7 to transfer to 
a different network (step F8). 

[0074] In the present embodiment, the number of 
base stations from which the base station controller 
receives a signal simultaneously is 2 and the number of 
units into which a frame is divided is 2. 
However, the present invention is not limited to this, and 
both numbers can be determined arbitrarily and an 
increase of the numbers increases the possibility of 
reproduction of a no error frame. 
Nevertheless, an excessive increase of the unit num- 
bers excessively increases the number of combinations 
and may possibly give rise to an excessive increase of 
the processing time. 

A possible countermeasure against this problem is to 



determine in advance a maximum number of times of 
actual combinations (for example, 10 times) by which a 
frame reconstructing operation is allowed to be per- 
formed repetitively within a restricted processing time 

5 period, stop a reconstructing operation at a point of time 
when the maximum number of times is reached and 
send that one of error-containing frames transmitted 
from a plurality of base stations which has the highest 
reception level to connector 7 to a different network. 

10 [0075] FIGS. 10(a) to 10(d) are diagrammatic views 
showing an example of combinations of units upon divi- 
sion and reconstruction of a frame. 
[0076] FIGS. 10(a) to 10(d) specifically illustrate an 
example of combinations of units when a frame is 

is divided into two units and selective composition of the 
units is perfbrmd with regard to two base stations. Sim- 
ilarly to the frames shown in FIG. 9, the frame from base 
station 11 includes first unit 17a and second unit 18b 
while the frame from base station 13 includes first unit 

20 1 7b and second unit 1 8b. 

[0077] Referring to FIGS. 1 0(a) to 1 0(d), the symbol 
OK shown on any unit represents that the unit is no 
error, and NG represents that the unit has some error. 
[0078] In the example shown, first unit 17a of the 

25 frame from base station 1 1 is no error while second unit 
1 8a of the frame from base station 1 1 has some error, 
and first unit 1 7b of the frame from base station 13 is no 
error while second unit 1 8b of the frame from base sta- 
tion 13 has some error. 

30 [0079] Further in FIGS. 10(a) to 10(d), any under- 
scored symbol OK or NG represents that the unit is 
selected upon reconstruction. In particular, FIG. 10(a) 
illustrates a case wherein first unit 1 7a of the frame from 
base station 11 and second unit 18a of the frame of 

35 base station 1 1 are selectively composed; 

FIG. 10(b) illustrates another selective combination of 
first unit 1 7a of the frame from base station 1 1 and sec- 
ond unit 18b of the frame from base station 13; FIG. 
10(c) illustrates a further selective combination of first 

40 unit 1 7b of the frame from base station 13 and second 
unit 18a of the frame from base station 11; and FIG. 
10(d) illustrates a still further selective combination of 
first unit 1 7b of the frame from base station 13 and sec- 
ond unit 18b of the frame from base station 13. 

45 [0080] As seen from FIGS. 10(a) to 10(d), the 
number of possible combinations of units in the present 
case is four. However, each of the combinations of 
FIGS. 10(a) and 10(d) includes units of the same frame 
which originally contains an error and has no possibility 

so that it may become no error. Therefore, the combina- 
tions of FIGS. 10(a) and 10(d) can be eliminated from 
those combinations for which the operations in steps F3 
and F4 of FIG. 7 are performed, and the operations 
should be performed only for the two combinations of 

55 FIGS. 10(b) and 10(c). 

[0081 ] Further, if it is assumed that an error pattern 
has such a simplified characteristic that, when an error 
is caused to appear in a frame by radio transmission, a 
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bit error possibly occurs in an equal probability in all 
units, then although the four patterns shown in FIGS. 
10(a) to 10(d) are available as possible combinations of 
units, the two patterns of FIGS. 10(b) and 10(c) among 
them provide a frame which may possibly contain no 
error. 

[0082] Where a frame is divided into two units and 
the units of the frame received by two base stations are 
combined to selectively compose a frame in this man- 
ner, the error rate of a frame to be transmitted from base 
station controller 16 to connector 7 to transfer to a differ- 
ent network can be reduced to 1/2 by rearrangement 
and error detection for two combinations of the units. 
[0083] FIG. 1 1 is a table which indicates, in the form 
of a list, the frame error rate and the number of combi- 
nations which require processing when the number of 
base stations (base stations of a diversity reception) 
with regard to which selective composition is performed 
and the frame dividing number are varied to various val- 
ues. 

[0084] As seen from FIG. 11, the frame error rate 
decreases as the number of diversity base stations 
increases and as the frame dividing number increases. 
Although the number of combinations of units increases 
as the number of diversity base stations increases and 
as the frame dividing number increases, the required 
processing is possible if a high speed operation unit 
such as. for example, a digital signal processor (DSP) is 
used. 

[0085] A second embodiment of the present inven- 
tion is described hereinafter. 

[0086] The present embodiment has a structure 
similar to that of the first embodiment described above 
with reference to FIGS. 5 and 6. Therefore, the present 
embodiment will be described with reference to FIGS. 5 
and 6. 

[0087] FIG. 12 is a flow chart illustrating operation 
of the second embodiment of the present invention. 
[0088] A signal from mobile station 5 to a base sta- 
tion (upward link signal)is received by a plurality of base 
stations (in the present embodiment, base stations 1 1 
and 13). Each base station performs error detection 
with an error detection signal (CRC check bits) con- 
tained in each radio frame (for example, of 10 ms) of a 
decoded signal illustrated in FIG. 4 and reception level 
measurement for each period of transmission power, 
and sends a result of the error detection and the meas- 
ured reception level to a base station controller (in the 
present embodiment, base station controller 16) con- 
nected as a managing apparatus to the base station. 
[0089] Information to be sent from each base sta- 
tion to the base station controller in the present embod- 
iment includes: 

1 . user information (user information bits); 

2. error detection information of the user informa- 
tion (CRC check bits); 

3. error presence/absence information of the user 



information (CRC check: OK/NG); and 
4. reception level information of a frame (Eh/10: ratio 
between user information bit energy and average 
interference energy per band). 

5 

[0090] No error data selector I6f of base station 
controller 16 decides whether the frames received from 
the base stations contain a no error frame (step G1). If 
a no error frame is detected, then no error data selector 
10 16f instructs that one of data buffers 16b and 16c, in 
which the no error frame is stored, to output the frame, 
thereby to transmit the no error frame to connector 7 to 
transfer to a different network (step G2). 
[0091 ] On the other hand, if it is decided in step G1 
is that all of the frames from the base stations include 
some error, then no error data selector 16f informs 
frame reconstruction controller 1 6g of the result of deci- 
sion, and frame reconstruction unit 16d compares the 
frame stored in data buffer 1 6b and the frame stored in 

20 data buffer 16c for unit of bit base under the control of 
frame reconstruction controller 1 6g to detect those bits 
which do not exhibit coincidence (step G3). The signifi- 
cance of the detection of in coincident bits will be 
described here with reference to FIGS. 13(a) to 13(f). 

25 [0092] FIGS. 13(a) to 13(f) are diagrammatic views 
illustrating significance of comparison in units of a bit 
between frames performed by frame reconstruction unit 
16d shown in FIG. 5 in the second embodiment of the 
present invention. 

30 [0093] FIGS. 1 3(a) to 1 3(f) specifically illustrate sig- 
nificance of comparison when a frame transmitted from 
mobile station 5 is composed of bits all equal to 0 for 
simplified description. When the frame shown is 
received by the base stations, base station 11 receives 

35 a certain bit of "0" as "1" in error, and base station 13 
receives another bit of "0" as "1" in error. 
[0094] When the frame received by base station 1 1 
and the frame received by base station 13 include bits 
which are different from each other in this manner, a 

40 combination which provides a frame having no error can 
be found out by performing comparison between the 
two frames to detect incoincident bits and successively 
change the incoincident bits to 1 or 0 until a result of a 
CRC check which exhibits no error is obtained. 

45 [0095] Referring back to FIG. 12. if an incoincident 
bit is detected in step G3. then one of combinations of 0 
and 1 at the incoincident bit is selected (step G4) and 
error detection is performed for the combination by error 
detector I6e (step G5). The error detection is the same 

so processing as that performed by error detectors 1 1 f and 
1 3f shown in FIG. 5 and uses CRC check bits. 
[0096] A result of the error detection in step G5 is 
transmitted to frame reconstruction controller 16g. 
Frame reconstruction controller 16g decides based on 

55 the received result of the error detection whether a 
frame based on the combination has no error (step G6). 
If the frame is no error one, then frame reconstruction 
controller 16g instructs error detector 16e to transmit 
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the frame formed from the combination to connector 7 
to transfer to a different network (step G7). 
[0097] If the result of the error detection in step G5 
proves that the frame formed from the combination con- 
tains some error (step G6), then frame reconstruction 
controller 16g decides whether reconstruction and error 
detection have been performed for all possible combi- 
nations or not (step G8). 

[0098] If the decision in step G8 reveals that there 
remains a combination for which reconstruction and 
error detection have not been performed yet, then the 
control returns to step G4 so that reconstruction and 
error detection may be performed for the remained new 
combination. 

[0099] If the decision in step G8 reveals that recon- 
struction and error detection have been performed for 
all possible combinations, then base station controller 
16 transmits the decision to highest reception level data 
selector 16h. Highest reception level data selector 16h 
receiving the decision refers to the reception level infor- 
mation from reception level measurement units 1 1g and 
13g of base stations 1 1 and 13 and instructs data buff- 
ers 16b and 16c to transmit that one of the frames 
stored in data buffers 16b and 16c which has a higher 
reception level to connector 7 to transfer to a different 
network (step G9). 

[01 00] In the second embodiment described above, 
the number of base stations from which the base station 
controller receives a signal simultaneously is 2. How- 
ever, the present invention is not limited to this, and the 
number of base stations can be set to any value. The 
more the value increases, the more the possibility that a 
no error frame can be reconstructed increases. 
[0101] In the second embodiment, the number of 
combinations which can be reconstructed by frame 
reconstruction unit 16d depends upon the number of 
base stations from which the base station controller 
receives a signal simultaneously and the number of 
erroneous bits in a frame. However, an excessive 
increase of the number of combinations may possibly 
give rise to an excessive increase of the processing 
time. A possible countermeasure against this problem is 
to determine in advance a maximum number of times 
(for example, 10 times) by which a frame reconstructing 
operation is allowed to be performed repetitively within a 
restricted processing time period, stop a reconstructing 
operation at a point of time when the maximum number 
of times is reached and send that one of error-contained 
frames transmitted from a plurality of base stations 
which has the highest reception level to connector 7 to 
transfer to a different network. 

[01 02] FIGS. 1 4(a) to 1 4(f) are diagrammatic views 
illustrating the number of combinations in frame recon- 
struction performed by frame reconstruction unit 16d 
shown in FIG. 5 in the second embodiment of the 
present invention. 

[0103] In the reconstruction illustrated in FIGS. 
10(a) to 10(f), in order to facilitate the description, all bit 



errors occur with different bits between the base sta- 
tions, and the frame transmitted from mobile station 5 is 
formed from bits all equal to 0. Further, in the recon- 
struction illustrated, the frames exhibit two incoincident 

5 bits, and two-station selective diversity is used. 

[01 04] When the frame transmitted from mobile sta- 
tion 5 shown in FIG. 14 is received by the base stations, 
base station 11 receives a certain bit of "0" as "1" in 
error and base station 13 receives another bit of "0" as 

10 "1" in error. In particular, when the correct bits transmit- 
ted are ...0...0... and the received data of base station 
1 1 are ...1...0... while the received data of base station 
13 are ...0...1.... four possible combinations of bits are 
...0...0 0...1 1...0... and ...1...1.... Since the 

15 combinations of ...0...1 ... and ...1 ...0... among them are 
already known as enor-containing combinations, they 
can be eliminated from an object of frame reconstruc- 
tion, arid error detection should be performed only for 
the two combinations of ...0...0... and ...1...1.... 

20 [01 05] Accordingly, the maximum number of times 
of frame reconstruction is 2 2 - 2 = 2 times where one 
frame contains two incoincident bits, 2 3 - 2 = 6 times 
where one frame contains three incoincident bits, 2 4 - 2 
= 14 times where one frame contains four incoincident 

25 bits, and 2 N -2 times where one frame includes N inco- 
incident bits. 

[01 06] Next, an exampl e of 3-station selective diver- 
sity in the second embodiment of the present invention 
will be described with reference to FIGS. 15(a) to 15(g). 

30 [0107] FIGS. 15(a) to 15(g) are diagrammatic views 
illustrating the number of combinations in frame recon- 
struction performed by frame reconstruction unit 16d 
shown in FIG. 5 in the second embodiment of the 
present invention. 

35 [0108] In the reconstruction illustrated in FIGS. 
1 5(a) to 1 5(g), in order to facilitate the description, ail bit 
errors occur with different bits between the base sta- 
tions, and the frame transmitted from mobile station 5 is 
formed from bits all equal to 0. Further, in the recon- 

40 struction illustrated, the frames exhibit three incoinci- 
dent bits, and three-station selective diversity is used. 
[0109] In the example illustrated in FIGS. 15(a) to 
15(g), the correct bits transmitted are ...0...0...0...; the 
received data of the first base station are ...1...0...0...; 

45 the received data of the second base station are 
...0...0...1...; and the received data of the third base sta- 
tion are ...0...1...0.... In this case, the eight combinations 

of bits of ...0...0...0 0...0...1 0...1...0..., 

...0...1...1 1...0...0 1...0...1 and 

so ...1...1...1.... Among them, the combinations 

...1...0...0 0...0...1... and ...0...1...0... are already 

known as error-containing combinations, and therefore, 
they can be eliminated from an object of frame recon- 
struction. Consequently error detection should be per- 

55 formed for the five combinations of ...0...0...0.... 

...0...1...1 1...0...0 1...0...1 1...1.... and 

...1...1...1.... 

[01 1 0] Accordingly, the maximum number of times ' 
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of frame reconstruction is 2 3 • 3 = 5 times where one 
frame includes three incoincident bits. 2 4 - 3 = 13 times 
where one frame includes four incoincident bits, and 2 N 
- 3 times where one frame includes N incoincident bits. 
[0111] Next, an example of a method of selecting a s 
bit upon reconstruction of a frame in the second embod- 
iment of the present invention will be described with ref- 
erence to FIGS. 16(a) to 16(f). As described above, an 
increase of the number of incoincident bits increases 
the number of combinations of bits upon reconstruction to 
of a frame as much and give rises to an increase of the 
processing time. Therefore, a technique for discovering 
a combination of bits, from which a no error frame can 
be famed, as fast as possfole is described. 
[0112] FIGS. 16(a) to 16(f) are diagrammatic views is 
illustrating which one of combinations in frame recon- 
struction performed by frame reconstruction unit 16d 
shown in FIG. 5 in the second embodiment of the 
present invention is a promising candidata 
[0113] In the reconstruction illustrated in FIGS. 20 
16(a) to 16(f), in order to facilitate the description, all bit 
errors occur with different bits among the base stations, 
and the frame transmitted from mobile station 5 is 
formed from bits all equal to 0. Further, in the recon- 
struction illustrated, the frames exhibit six incoincident 2s 
bits, and three-station selective diversity is used. 
[01 14] As is seen in FIGS. 1 6(a) to 1 6(f), where the 
number of base stations which perform selective diver- 
sity is three or more, an incoincident bit of a base station 
may possibly have a value different from that of another 30 
base station but same as that of a further base station. 
For example, in FIGS. 16(a) to 16(f), the value of the 
leftmost one of the incoincident bits shown is 1 in the 
frame received by the first base station, but 0 in the 
frame received by the second base station and 0 in the 35 
frame received by the third base station. Accordingly, at 
this bit, the second and third base stations receive "0", 
and it is considered from the principle of majority that 
possibly the value of the bit is 0 rather than 1 . 
[0115] Thus, when frame reconstruction unit 16d 40 
shown in FIG. 5 performs frame reconstruction, it first 
produces a frame which adopts a combination which 
uses values determined by majority for individual incoin- 
cident bits, and then error detection by error detector 
16e is performed for the frame. This reduces the 45 
processing time required to find out a no error frame. 
[01 1 6] FIG. 1 7 is a block diagram showing a struc- 
ture of a base station controller in a third embodiment of 
a mobile telephone system according to the present 
invention. so 
[0117] In the present embodiment, the present 
invention is applied to a communication system which 
uses the Reed-Solomon code which is one of conven- 
tionally well-known error correction codes. 
[0118] The structure of the present embodiment is 55 
different from that of the first embodiment of the present 
invention described above in that the base station con- 
troller includes a data buffer for storing data from base 



stations, an external code frame selective composition 
controller for processing an external code for data com- 
munication, an external code frame reconstruction unit, 
a Reed-Solomon decoder for an external code, and an 
error detector for performing a CRC check. 
[01 1 9] In the present embodiment, mobile station 5 
shown in FIG. 1 communicates simultaneously with 
three base stations 21, 22 and 23 shown in FIG. 17. 
Base stations 21 , 22 and 23 are connected to base sta- 
tion controller 24 shown in FIG. 17 which serves as a 
managing apparatus to them, and base station control- 
ler 24 is connected to connector 7 to interface with dif- 
ferent networks. 

[01201 Base station controller 24 includes external 
code frame selective composition controller 24a, data 
buffer 24b for storing a signal from base station 21 , data 
buffer 24c for storing a signal from base station 22, data 
buffer 24d for storing from base station 23, external 
code frame reconstruction unit 24e, Reed-Solomon 
decoder 24f, and error detector 24g. 
[01 21 ] Operation of the present embodiment will be 
described below. 

[0122] FIG. 18 is a flow chart illustrating operation 
of the third embodiment of the present invention. 
[0123] The Reed-Solomon code adds check sym- 
bols to information symbols to allow error correction and 
loss correction. The error correction here signifies a 
process of restoring a correct signal transmitted from 
the transmission side when it is not known which sym- 
bol of a received signal is erroneous, and the loss cor- 
rection signifies a process of restoring a correct signal 
transmitted from the transmission side when it is known 
which symbol of a received signal is erroneous. 
[01 24] As it is well known in the art, an error correc- 
tion capability can correct N error symbols when 2N 
check symbols are referred. The error correction can be 
performed when error symbol position information 
(information of which bit of a received signal is errone- 
ous) is not available. On the other hand, the lost symbol 
correction capability can correct 2N lost symbols where 
2N check symbols are referable. The lost symbol cor- 
rection can be performed when error symbol position 
information is available. In short if error symbol posi- 
tions are known, a number of symbols twice that where 
they are unknown can be corrected. 
[01 25] In the operation illustrated in FIG. 18. detec- 
tion of error bits is performed first (step H1). In the 
detection of error bits, frames received from a plurality 
of base stations are compared with each other for bit 
unit base in a similar manner as in the second embodi- 
ment of the present invention described above. 
[0126] One symbol is composed of. for example, 6 
bits. If such an incoincident bit as described above in 
connection with the second embodiment of the present 
invention is included in the 6 bits, then the symbol 
formed from the 6 bits is determined as an error symbol 
(step H2). In particular, if the positions of error bits of 
signals received from the base stations are different 
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from each other, then error symbol position information 
is obtained by the processing just described. Accord- 
ingly, the present embodiment is advantageous in that it 
exhibits a high probability that error position information 
may be obtained, so that it allows the correction of a 
number of symbols twice than the number of symbols 
which can be corrected in a communication system 
which merely uses the Reed-Solomon code. 
[01 27] Then, it is checked whether lost symbol cor- 
rection is available or not (whether error position infor- 
mation has been obtained or not) (step H3). If lost 
symbol correction is possible, then the error position 
information is used to perform lost symbol correction 
(step H4), and then a CRC check is performed for a 
result of the lost symbol correction to perform error 
detection (step H5). If no error is detected by the error 
detection, then the processing comes to an end. How- 
ever, if an error is detected, since the remain of the error 
signifies that the error position information in step H2 
was wrong, ordinary error correction with the Reed- 
Solomon code is performed (step H7). 
[0128] Then, CRC checking is performed for a 
result of the error correction in step H7 to perform error 
detection (step H8). If no error is detected by the error 
detection, then the processing comes to an end. How- 
ever, if an error is detected, then decision by majority 
descrfoed above with reference to FIG. 16 is performed 
(step H1 1). Since the decision by the majority requires 
that the number of base stations with regard to which 
diversity is performed shall be three or more, the flow 
chart of FIG. 18 includes step H1Q inserted for confirm- 
ing the number of base stations, i.e., the site number. 
[0129] After the decision by majority, step H11 is 
performed, ordinary error correction with the Reed- 
Solomon code is performed for a result of the decision 
by majority (step H1 2). Then, a CRC check is performed 
for a result of the error correction in step H1 2 to perform 
error detection (step H13). 

[01 30] If no error is detected by the error detection, 
then the processing comes to an end. However, if an 
error is detected also by the error detection, then, for 
example, that one of the error-containing frames trans- 
mitted from the base stations which has the highest 
reception level may be transmitted to connector 7 to 
transfer to a different network similarly as in the second 
embodiment of the present invention described above. 
[0131] Next, a fourth embodiment of a mobile tele- 
phone system according to the present invention wilt be 
described. In the present embodiment, the present 
invention is applied to a communication system which 
employs a convolution coding/Vrterbi decoding method 
which is one of conventionally well-known error correc- 
tion codes. 

[0132] The present embodiment has a structure 
similar to that of FIGS. 5 and 6 and operates in accord- 
ance with an operation flow chart similar to that of FIG. 
7. Therefore, the present embodiment will be described 
with reference to FIGS. 5. 6 and 7. 



[0133] First, the structure of the present embodi- 
ment will be described with reference to FIGS. 5 and 6. 
[0134] A signal transmitted from mobile station 5 is 
received by a plurality of base stations. For example, it 

s is received by base stations 1 1 and 13 shown in FIG. 5. 
[01 35] In each of base stations 1 1 and 13,. receiver 
11b or 13b performs high frequency demodulation of 
the signal received by reception antenna 11a or 13a, 
and counter spreader 1 id or 13d counter spreads the 

10 resulting signal from receiver 11 b or 1 3b, which is a sig- 
nal spread with pseudo noise (PN) codes. The counter 
spread signals from counter spreaders 1 1d and 13d are 
sent to decoders 1 1 e and 1 3e and reception level meas- 
urement units Hg and I3g, respectively. 

75 [0136] Decoders 11e and 13e Viterbi decode the 
signals in the form of convolutional codes received from 
counter spreaders 11d and 13d into user information 
signals and simultaneously obtain reliability information 
of individual units divided from the frame upon the 

20 Viterbi decoding. The reliability information is based on 
the magnitude of reception energy, and indicates a 
higher reliability as the energy increases. 
[0137] Error detectors 11f and 13f perform error 
detection with CRC check bits. Reception level meas- 

25 urement units 1 1g and 13g measure the levels of the 
received signals. 

[0138] Base stations 11 and 13 transmit the user 
information bits and the CRC check bits shown in FIG. 
4, the error presence/absence information of results of 

30 the detection by error detectors 1 1f and 1 3f, the recep- 
tion level information of results of the measurement by 
reception level measurement units 11g and 13g, 
respectively, and the reliability information of the units 
divided from the frame to base station controller 1 6. 

35 [01 39] As it is shown in FIG. 6, the user information 
bits and the CRC check bits from error detectors 1 1f 
and 13f are inputted to data buffers 16b and 16c, 
respectively. The error presence/absence information 
from error detectors 11 f and 13f is inputted to no error 

40 data selector 16f of selective composition controller 
16a. The reception level information from reception level 
measurement units 11g and 13g is inputted to highest 
reception level data selector 16h of selective composi- 
tion controller 16a. The reliability information of the units 

45 divided from the frame is inputted to no error data selec- 
tor 16f of selective composition controller 16a. 
[0140] Selective composition controller 16a con- 
trols data buffers 1 6b and 1 6c which store the user infor- 
mation bits and the CRC bits, frame reconstruction unit 

so 16d which divides and reconstructs a frame formed 
from the user information bits and the CRC check bits, 
and error detector 1 6e which performs error correction 
of the reconstructed frame with the CRC check bits. The 
user information is sent from data buffers 16b and 16c 

55 to connector 7 to a different network directly or through 
frame reconstruction unit 16d and error detector 16e. 
[01 41 ] Operation of the present embodiment will be 
described below with reference to FIG. 7. 
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[0142] A signal from mobile station 5 to a base sta- 
tion (upward link signal) is received by a plurality of base 
stations (in the present embodiment, base stations 1 1 
and 13). Each base station performs error detection 
with an error detection signal (CRC check bits) con- 5 
tained in each radio frame (for example, of 10 ms) of a 
decoded signal illustrated in FIG. 4 and reception level 
measurement for each period of transmission power, 
and sends a result of the error detection and the meas- 
ured reception level to a base station controller (in the 10 
present embodiment, base station controller 16) con- 
nected as a host apparatus to the base station. 
[0143] By the way, according to the VHerbi decoding 
method or the like method, reliability information of each 
of bits of an object of VHerbi decoding can be obtained. 15 
Consequently, reliability information of each unit can be 
obtained by integrating reliability information of each bit 
In the present embodiment, the reliability information is 
utilized when various combinations of units are pro- 
duced to find out a no error frame as in the first embod- 20 
iment of the present invention described above. 
[0144] Information to be sent from each base sta- 
tion to the base station controller in the present embod- 
iment includes: 

25 

1. user information (user information bits); 

2. error detection information of the user informa- 
tion (CRC check bits); 

3. error presence/absence information of the user 
information (CRC check: OK/NG); 30 

4. reception level information of a frame (Eb/10: ratio 
between user information bit energy and average 
interference energy per band); and 

5. reliability information of units divided from the 
frame. 35 

[0145] No error data selector 16f of base station 
controller 16 decides whether the frames received from 
the base stations contain a no error frame (step F1). If a 
no error frame is detected, then no error data selector 40 
16f instructs that one of data buffers 16b and 16c, in 
which the no error frame is stored, to output the frame, 
thereby to transmit the no error frame to connector 7 to 
transfer to a different network (step F2). 
[0146] On the other hand, if it is decided in step F1 45 
that all of the frames from the base stations contain 
some error, then no error data selector 16f informs 
frame reconstruction controller 1 6g of the decision, and 
frame reconstruction unit 16d performs decomposition 
and reconstruction of the frames stored in data buffers so 
16b and 16c under the control of frame reconstruction 
controller 16g (step F3). The reconstruction will be 
described hereinafter. 

[0147] The reconstruction in the present embodi- 
ment is similar to that in the first embodiment of the ss 
present invention described above except that from 
which combination of units out of a plurality of units 
combinations a frame is reconstructed actually. 



[01 48] The reproduction in the present embodiment 
is performed in accordance with the following two rules: 

1 . if a result of rearrangement of units divided from 
frames includes units which are all the same as 
those from the same base station, then it is appar- 
ent that the combination includes some error, and 
therefore, no error detection processing is per- 
formed with the combination; and 

2. a candidate for rearrangement is selected from 
higher reliability units divided from a frame in a 
descending order 

[0149] A frame reconstructed in accordance with 
the rules described above is subject to error detection 
by error detector 1 6e. If no error is detected by the error 
detection, then the reconstructed frame is transmitted to 
connector 7 to transfer to a different network (step F6). 
[0150] If the result of the error detection in step F4 
proves that the combination of units has some error 
(step F5), then frame reconstruction controller 16g 
decides whether or not reconstruction and error detec- 
tion have been performed for all of those combinations 
which may possibly contain no error (step F7). 
[0151] If it is decided in step F7 that there remains 
a combination for which reconstruction and error detec- 
tion have not been performed as yet then the control 
returns to step F3 so that reconstruction and error 
detection may be performed for the new combination. 
[01 52] If the decision in step F7 reveals that recon- 
struction and error detection have been performed for 
all possible combinations, then frame reconstruction 
controller 16g transmits this information to . highest 
reception level data selector 16h. Highest reception 
level data selector 16h receiving the information refers 
to the reception level information from reception level 
measurement units 1 1 g and 13g of base stations 11 
and 1 3 and instructs data buffers 16b and 1 6c to trans- 
mit that one of the frames stored in data buffers 1 6b and 
1 6c which has a higher reception level to connector 7 to 
transfer to a different network (step F8). 
[0153] Also in the present embodiment, it is a pos- 
sible countermeasure to determine in advance a maxi- 
mum number of times (for example, 10 times) by which 
a frame reconstructing operation is allowed to perform 
repetitively within a restricted processing time period, 
stop a reconstructing operation at a point of time when 
the maximum number of times is reached and send that 
one of error-containing frames transmitted from a plural- 
ity of base stations which has the highest reception level 
to connector 7 to transfer to a different network. 
[0154] In the present embodiment, each of decod- 
ers 1 1 e and 1 3e of base stations 1 1 and 1 3 obtains reli- 
ability information of each of units divided from a frame 
and transmits the reliability information to base station 
controller 1 6. However, the base station controller can- 
not know for which unit the received reliability informa- 
tion belongs and cannot utilize the reliability information 
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unless recognizing the dividing number and the dividing 
method for the frame by decoders 11 e and 1 3e. There- 
fore, the frame dividing number and dividing method 
must be known at the base stations and the base station 
controller. 

[0155] The first advantage of the present invention 
is that, when signals received by all base stations in the 
base stations related in a selective diversity, the error 
rate can be reduced. 

[0156] The reason is that, by dividing a signal 
received by each base station into a plurality of units 
and performing reconstruction and error re-detection for 
all possible combinations of the divided units of the 
received signals as described above in connection with 
the first embodiment or by performing comparison of the 
signals received by the base stations and performing 
reconstruction and error re-detection for alt possible 
combinations of information bits at positions of the sig- 
nals at which the signals are different from each other, 
the opportunity to obtain a no error signal can be 
increased. 

[01 57] The second advantage of the present inven- 
tion is that the function described above can be imple- 
mented readily. 

[0158] The reason is that, although the present 
invention additionally provides a frame reconstruction 
function and an error detection function as new func- 
tions to a conventional base station controller, a com- 
munication protocol similar to a protocol used 
conventionally can be used as the communication pro- 
tocol between the base stations and the base station 
controller. 

[01 59] Trie third advantage of the present invention 
is that, when signals received by all base stations in the 
site diversity, reduction of the error rate and an increase 
in . speed of selective composition processing can be 
realized simultaneously. 

[0160] The reason is that by dividing each of sig- 
nals received by the base stations into a plurality of 
units, determining reliability information for each of the 
signal units divided upon Viterbi decoding and recon- 
structing a frame with the divided signal units selectively 
used in a descending order of the reliability as 
described in connection with the fourth embodiment, a 
combination of no error signal units can be find out rap- 
idly. 

Claims 

1 . A communication system, wherein communication 
signal from a transmitter is received by a plurality of 
receivers, comprising: . 

means for detecting whether received signals 
contain error portion or not; and 
means for rearranging a no error signal by cor- 
recting error portion based on referring to other 
received signals repeating cyclically for every 



received signals. 

2. A mobile telephone system which employs a site 
diversity reception among related base stations 

s wherein a signal transmitted from a mobile station 

is received by a plurality of base stations and said 
base stations transmit the respective received sig- 
nals to a base station controller, said base station 
controller comprising: 

w 

means for detecting an error portion of all of the 
received signal; 

means for rearranging no error signal by cor- 
recting error portion based on referring to other 
15 received signals repeating cyclically for every 

received signals. 

3. A mobile telephone system according to claim 2, 
wherein each of the signals received through said 

20 base stations by said base station controller 
includes a frame composed of user information bits 
which are real information transmitted from said 
mobile station and CRC check bits which form error 
detection codes, and said base station controller 

25 divides each of frames from said base stations into 
units of a predetermined size and rearranges the 
units into several combinations to obtain a no error 
signal. 

30 4. A mobile telephone system according to claim 2 or 

3, wherein said base station controller further com- 
prises: 

means for comparing the signals received 
35 through said base stations with each other in 

bit unit base; and 

means for replacing value of a bit which does 
not coincide with bit value of other received sig- 
nals to produce a ho error signal. 

40 

5. A mobile telephone system according to claim 3 or 

4, wherein the signal received from said mobile sta- 
tion by said base stations is a signal applied the 
convolutional encoding, comprising: 

45 

means tor calculating reliability information 
which represents a magnitude of reception 
energy for each of units divided from the frame 
when each of said base stations executes 

so Viterbi decode for the signal; and 

means for selecting one of the units whose reli- 
ability information is a highest as a rearrange- 
ment candidate when said base station 
controller changes a combination of the units to 

55 decrease the processing time required to rear- 

range a no error frame. 

6. A mobile telephone system which employs a site 
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diversity reception among related base stations 
wherein a signal transmitted from a mobile station 
is received by a plurality of base stations and said 
base stations transmit the respective received sig- 
nals to a base station controller and the signal 5 
received from said mobile station by said base sta- 
tions is a signal applied Reed-Solomon code, said 
base station controller 
comprising: 

10 

means for comparing the signals received 
through said base stations with each other in 
bit unit base, 

means for estimating that a symbol which con- 
tains a bit incoincident with other received sig- 15 
nal is an erroneous symbol, and 
means for arranging by adding the result of the 
estimation as error symbol position information 
in Reed-Solomon decoding to improve the. 
error correction capability by the Reed-Solo- 20 
mon decoding. 

7. A base station controller in base a mobile telephone 
system which employs a site diversity reception 
among base station, wherein a signal transmitted 25 
from a mobile station is received by a plurality of 
base stations and said base stations transmit the 
signal to said base station controller, comprising: 

means for detecting errors within each of sig* 30 
nals received from the base stations; 
means for composing a no error signal correct- 
ing every signal received from said correspond- 
ing base station referring signals from other 
base stations. 35 

8. A base station controller according to claim 7, 
wherein each of signals received from said base 
stations is composed of frame including user infor- 
mation signal bits which are transmitted from a 40 
mobile station and CRC check bits which are an 
error detection signal, and said base station con- 
troller further comprises: means for dividing each of 
the frames received from said base stations into 
units of a predetermined size; and means for 45 
changing the combination of the units to produce a 

no error signal. 

9. A base station controller according to claim 7 or 8, 
wherein said base station controller further com- so 
prises means for comparing the signals received 
from said base stations with each other in bit unit 
base and means for changing the value of a bit 
incoincident with a bit of signals of other base sta- 
tions to produce a no error signal. ss 

10. A base station controller according to claim 8 or 9, 
wherein the signal received from said mobile sta- 



tion by said base stations is a signal applied the 
convoiutionaJ encoding, said base station controller 
further comprises: 

means for receiving, from each of said base 
stations, reliability information which repre- 
sents a magnitude of reception energy for each 
of units divided from the frame; and 
means for selecting an unit having highest reli- 
ability information as a candidate for replace- 
ment for changing the unit combination to 
improve the processing time of composing no 
error signal. 

11. A base station controller for a mobile telephone 
system which employs a site diversity reception 
among base station, wherein a signal transmitted 
from a mobile station is received by a plurality of 
base stations and said each of base stations trans- 
mits the signal to said base station controller, 
wherein signals received from the base stations are 
signals applied the Reed-Solomon encoding, said 
base station controller comprising: 

means for comparing among signals received 
from base stations with each other in bit unit 
base; 

means for estimating a symbol which contains 
a bit incoincident with signals received from 
other base stations as a erroneous signal; 
means for decoding the Reed-Solomon 
encoded signal by applying the result of the 
estimation as error symbol position information 
to improve the error correction capability of the 
Reed-Solomon decoding. 

12. A method of site diversity reception among related 
base stations wherein a signal transmitted from a 
mobile station is received by a plurality of base sta- 
tions and said base stations transmit the respective 
received signals to a base station controller, 
wherein said base station controller comprising the 
steps of: 

detecting errors within each of signals received 
from base stations; 

composing a no error signal correcting every 
signal received from said corresponding base 
station referring signals from other base sta- 
tions. 

13. A method of site diversity reception among related 
base stations according to claim 12, wherein each 
of the signals received through said base stations 
by said base station controller includes a frame 
composed of user information bits which are real 
information signal transmitted from said mobile sta- 
tion and CRC check bits which form error detection 
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codes, said base station controller further com- 
prises the steps of: 

dividing each of frames from said base stations 
into units of a predetermined size; and s 
rearranging the units into a plurality of combi- 
nations to obtain a signal having no error. 

14. A method of srte diversity reception among related 
base stations according to claim 12 or 13 , further io 
comprises the steps of: 

comparing the signals received through said 
base stations with each other in bit unit base; 
changing the value of a bit inco incident with 15 
bits of other signals through the comparison 
step to produce a signal having no error. 

15. A method of site diversity reception among related 
base stations according to claim 13 or 14. wherein 20 
the signal received from said mobile station by said 
base stations is a signal applied convolutions 
encoding, further comprises the steps of: 

obtaining reliability information which repre- 25 
sents a magnitude of reception energy for each 
of units divided from the frame when each of 
said base stations execute Vrterbi decoding the 
signal, and 

selecting an unit having the highest reliability 30 
information as a candidate unit for replacing 
when said base station controller changes a 
combination of the units, to improve the 
processing time of producing a signal having 
no error. 35 

1 6. A method of site diversity reception among related 
base stations a signal transmitted from a mobile 
station is received by a plurality of related base sta- 
tions and said base stations transmit the respective 40 
received signals to a base station controller, 
wherein 

the signal received from said mobile station by 
said base stations is applied a signal of Reed- 45 
Solomon encoding comprising the steps of: 
comparing the signals received through said 
base stations with each other in bit unit base; 
estimating a symbol containing a bit incoinci- 
dent with a bit of other signals received from so 
respective base stations through the compari- 
son as a erroneous symbol; and 
decoding the signal by the Reed-Solomon 
decoding with applying the result of the estima- 
tion as the error symbol position information to ss 
improve the capability of the Reed-Solomon 
decoding. 
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